We present exact solution of an electrostatic problem in terms of the potential distribution and density profile of an incompletely depleted two-dimensional electron gas in a heterostructure covered by a half-infinite gate. Using this solution, we calculate configurations of compressible and incompressible (insulating) strips that are formed in the presence of a quantizing magnetic field. We discuss the application of our results to transport experiments on the inter-Landau-level and spin diodes, as well as edge-magnetoplasmon propagation.
I. INTRODUCTION 
II. ELECTROSTATICS OF THE INCOMPLETELY' DEPLETED 2DEG
A real two-dimensional (2D) electron system always contains macroscopic inhomogeneities created either by an external metallic gate, by etching, or by an external donor potential. The role of such macroscopic inhomogeneities increases significantly in the presence of a quantizing magnetic field. This is due to the fact that the chemical potential of a homogeneou8 two-dimensional electron gas (2DEG) in a magnetic field is not a continuous function of electron density n, but experiences a jump each time the density reaches the value at which an integer number of Landau levels is fI.lied. As a result, the details of the screening are highly dependent on the filling factor v = n/nL, (nL, = 1/27rA, A being the magnetic length) and the inhomogeneous electronic system is split into compressible (metallic) and incompressible (insulating) regions. i
In experiments, the inhomogeneity is frequently created by applying a negative potential to a gate, the electron gas under the gate being partially depleted. In this case, far from the gate edge (on the right z = oo, and left z = -oo), we deal with half-infinite compressible (incompressible) regions separated by a transition region (strip).
This transition region near the gate edge is the subject of the present study. Its structure plays a crucial role in the formation of electron transport across the inhomogeneity region (for instance, in the inter-Landau-level and spin diodes designed in the Corbino geometrys'7) and may The structure we consider below is shown in Fig. 1(a) . Fig. 2 ).
Yet, at the scale z « r, ( Since ApR/eVs « 1, in Eq. (11) we can use the expression for n(z) which is valid for large z (z )) d). in a magnetic field on electron concentration near the value corresponding to an integer filling factor. Ap, R is the value of the jump of the chemical potential at an integer filling factor under the gate. Analogously, Apl. is the value for the left edge of the device. At the far right edge of the device, the chemical potential is pinned and has a value corresponding to n = 2nl. . The screening radius is r, = (e/e )dV, /dn, where the derivative is calculated at n = 2nI. . Vg x0-4x'enl, av ( -) As has already been mentioned, the characteristic scale of the electrostatic potential experienced by electrons in this region is Vs/e. Therefore, if Apl, « Vs/e, the incompressible strip is formed with a width much smaller than the distance zo between the strip and the gate edge (to describe this situation we may use the formulas of Ref. 4).
But if Ayl, -Vs/e (the case which could have been realized in experiments ' ), then the width of the incompressible strip formed is of the order of zo (i.e. , relatively wide). Hence, this case cannot be considered using a perturbative approach. We were not able to obtain the exact solution of the corresponding electrostatic problem. But it is clear that this solution exists, and for this parameter range the width of the incompressible strip formed is of the order of x0, and the distance between the gate edge and the nearest edge of the strip xL, is slightly smaller, but of the same order. Of course, the physical pattern described is realized only if ]zo] « r, (for the definition of r, see the caption of Fig. 2 , and the corre-sponding derivative dp/dn is calculated at n = 4nL, )
Everywhere above, when referring to the incompress- edge-magnetoplasmon (EMP) propagation in the 2D electron system on the surface of liquid helium. 9 In the latter case the geometry of the system is similar to that considered here because there are metallic plates near the 2D electron layer. That is why we can expect softening of the EMP &equency for qd (( 1 (q is the wave vector of the EMP along the border) (see Ref. 9). In particular, since in the case considered here the characteristic spatial scale of the variation of the electron density is of the order of the distance to the metallic gate, it is highly probable that this dispersion law will not contain the usual logarithmic factor ln(l/qb) in the limit q -+ 0. Moreover, our solutions of the electrostatic problem can be applied to the calculation of a multiple-strip structure of the inter-Landau-level diode. When the distance between a gate and the 2DEG is large enough, the density distribution v(z + -oo) = 4 and v(z~oo) = 2 can be associated with the existence of an additional incompressible strip (with v = 3) inside the compressible one, which produces an additional (as compared to the conventional edge magnetoplasmon) mode in the excitation spectrum of this system.
